Tightness, as well as the reliability of the valve plate, is a complex property of the effective operation of compressor cylinders of the first stage and, in general, gas-engine reciprocating compressors. The issue of valve plate tightness is a subject of independent study, since technical and economic efficiency depends on their work. In this connection, only some data obtained under operating conditions are presented in this work.
Introduction
It is known [1, 2] that the capacity of compressor equipment operated in gas lift and associated petroleum gas transportation systems is constantly increasing. The scope of its application is expanding, as a result of which it becomes very important to conduct experimental work at a gas lift compressor station to study the improvement of the efficiency and tightness of piston compressor valves. It is advisable to evaluate the effectiveness of reciprocating compressor equipment comprehensively, based on the results of a study and analysis of the main technological indicators of operation, which requires special attention.
An experimental evaluation of the efficiency and tightness of the valves of the compressor cylinders of the first stage of gas-engine reciprocating compressors is one of the obligatory steps in the process of checking, preparing and increasing the tightness. Therefore, the efficiency and safety of operation of the valves of the compressor unit. Therefore, the experimental study of valve tightness and increasing their operational efficiency, as well as the analysis of technological parameters before and after the experimental study, is very important [3, 4] .
Regulatory, technical and methodological documentation for the operation of valves of reciprocating compressors, as a rule, are concise. These documents do not provide for unforeseen shortcomings during operation associated with the physicochemical properties of the booster associated petroleum gas. They also do not contain justifications and explanations of the established requirements. Without claiming to be an exhaustive exposition of all the questions of an experimental study of valve tightness and increasing their operational efficiency, let's highlight only some aspects of this important problem. Problems of maintaining the performance of a reciprocating compressor unit operating in gas lift and gas transport systems [5, 6] .
Research results of valves directly at the gas lift compressor station
As a rule, in a gas lift compressor station, all valves are subject to external inspection before being installed on the compressor cylinders. Inspections should be recorded in the technical journal for each mining and metallurgical complex. If defects are found, they are eliminated, and then the valve is installed on the cylinder seat. If the valves have reached their service life, they must be replaced with new ones [7] . 
Engineering
As experience shows, an external inspection directly by personnel at a gas lift compressor station does not completely detect defects such as plate breakage, seizure on the saddle, shells in the lift limiter, chipping of individual sections of the plate and saddle, or violation of the splinting of parts.
Considering that the largest number of failures is associated with valves of compressor cylinders of the first stage, an experimental assessment of their efficiency and tightness is necessary, which is one of the mandatory steps in the process of checking the safety of a compressor unit [8, 9] .
In the process of experimental studies of direct-flow valves, the following formula was adopted as a criterion: Thus, the set valve density time t=35 s complies with manufacturer's recommendations. The valves were examined directly at the gas-lift compressor station in order to determine their static characteristics in a purge chamber connected to the compressed air piping scheme. Scheme of the stand for static valve purge is shown in Fig. 1 . Air from the high pressure air line enters the separator 1 and from there through the air line 3 through the valves 4 enters the stilling tank 5, where the standard pressure gauge 6 is installed and then through the control valve 7, the flow diaphragm 8 enters the purge chamber 9. This chamber is a cylinder with two partitions 17 having holes. In the upper part of the chamber there is a socket for installing a valve 10, which is attached to the chamber by a pressure flange. When air is supplied to the purge chamber, the air pressure in the stilling vessel is measured with a standard pressure gauge 6, the temperature is measured with a mer- Engineering cury thermometer 13 in front of the diaphragm, and the pressure drop across the V-shaped gauge 14, the pressure behind the diaphragm and in front of the valve are also measured with V-shaped gauges 15 and 16 The air temperature in front of the valve is measured by a mercury thermometer 11. The pipeline section with the flow diaphragm meets the requirements of the Rules for measuring the flow rate of liquids, gases and vapors with standard diaphragms and nozzles [10] . A hole with a diameter of 2 mm is drilled in the upper part of the valve, into which a needle is inserted, connected to the indicator of the clock mechanism 12, fixing the height of the valve plate with an accuracy of 0.01 mm. For this experimental stand, the following methodology is adopted for the determination and calculation of some basic parameters characterizing the efficiency of direct-flow valves:
1. The value of the equivalent area was found from the equality of the volumetric flow rate of gas flowing through the diaphragm 8 of the purge chamber 9 and through the valve 10 according to the formula:
.
At constant values and the same temperature of the flowing gas, the equivalent valve area is determined by the dependence:
where k -correction factor for the thermal expansion of the material of the diaphragm; F v -area of the valve socket; α v -valve flow coefficient; ΔР d and ΔР v -pressure drop in front of the diaphragm and valve, respectively; В -barometric pressure; α d -flow rate through the diaphragm; ε -coefficient taking into account the expansion of the medium when flowing through the diaphragm is determined by the formula:
where Р 1 and Р 2 -pressure at the inlet and outlet of the valve (or diaphragm), respectively. 2. The volumetric flow rate of air passing through the diaphragm and through the valve according to the "Rule for measuring the flow rate of liquids, gases and vapors with standard diaphragms and nozzles" [10] is determined by the formula: 2 0,01252 ,
where d -diaphragm diameter; D -inner diameter of the pipeline in front of the diaphragm; ε d -correction factor for the expansion of the measured medium; ρ -air density in front of the diaphragm, determined by the formula:
where T o -gas temperature after the diaphragm; Т -gas temperature in front of the diaphragm.
3. The gas velocity in the valve is determined by the ratio:
where Q v -current volumetric flow rate through the valve; F C -passage area in the valve seat. The cross-sectional area of the valve seat is selected for the defining cross section, since this geometric parameter remains constant at any flow rate of gas flowing through the valve, and this parameter is set by the manufacturer.
4. The flow rate of the valve seat is determined from the expression:
5. The coefficient of valve resistance is determined from the ratio:
where ΔР v -current value of the pressure drop across the valve. 6. The Reynolds number Re, referred to the valve bore diameter, is determined by the following relation:
where d v -valve bore diameter; µ υ = ρ -kinematic viscosity; ρ -gas density in front of the diaphragm; μ -dynamic viscosity of the medium under operating conditions; at µ=1,8·10 -6 kg/m•s, t=10 °C and P=0.10382 MPa, the kinematic viscosity will be: The pressure coefficient of the gas flow on the plate is determined by the formula:
where Р 2 -elastic force of the plate is determined by the formula:
where D -stiffness of the plate, which is determined by the formula:
The tightness of the valves is determined according to the recommendations of [11] in the purge chamber, with the difference that the valve is installed in such a way that the gas flow from Engineering the chamber pressed the plates to the seats, that is, the upstream side of the valve. The purge chamber filled with gas to a pressure of 0.5-0.6 MPa is disconnected from the compressed gas network and, as a result of leaks through the valves, the pressure in the chamber gradually decreases. At the moment of reaching an overpressure of 0.4 MPa in the chamber, the stopwatch is turned on, and at an overpressure of 0.2 MPa, it is turned off. The valve density criterion is calculated by the formula:
where τ 1 -time of excess pressure drop in the purge chamber from 0.4 to 0.2 MPa; V -volume of the capacity of the test vessel in accordance with GOST26-12-384-72 (0.064 m 3 ); V 1 -actual volume of the purge chamber capacity, m 3 ; T -temperature of compressed air, K (T=293.15 K); Т 1 -actual temperature of the compressed gas, K.
Valve purges confirmed that in the zone corresponding to the expiration mode under the actual valve operating conditions (Re>10 8 ), the value of the flow coefficient, as well as the equivalent area, does not depend on the Reynolds number, i.e., a self-similar expiration mode occurs, the achievement of which is necessary to ensure the similarity of the flow conditions in real ones.
Currently, there is no pre-compiled methodology for determining the cause and possibility of valve leakage. However, during the operation of the mining and metallurgical complex, every 2 hours at the gas-compressor station, the technological parameters of associated petroleum gas are practically measured from the suction and discharge sides, and if pressure and temperature are exceeded, operating personnel stop the oil and gas complex and perform a thorough inspection. Having discovered defects in the valve plate or seat, as well as accumulation of soot in the plate, they carry out works to eliminate defects, the results are entered in the technical journal about defects.
Valves were tested with different leakage criteria, during which the leakage through the valve was determined depending on the pressure drop across the valve.
Based on the measurement results, a graph is constructed of the dependence of air leaks through the valve on the magnitude of the pressure increase in the compressor cylinder of the first stage of the mining and metallurgical complex (Fig. 2) .
When constructing the diagrams, the compression process was adopted polytropic, and the polytropic index n com =1.4 was adopted, regardless of the degree of pressure increase. The polytropic exponent of the expansion process was accepted differently. According to the recommendations of M. Frenkel with a degree of pressure increase ε=2, 4, 6, respectively n exp =1.5; 1.4; 1,5.
When considering gas leaks simultaneously through the discharge and suction valves of the compressor cylinder of the first stage, the value of the leakage criterion of both valves was assumed to be the same.
The graphs show the dependence of gas leaks for one cycle on the pressure degree increase through valves with different values of the tightness criterion.
Each graph shows gas leaks through the suction valve, discharge valve, and leaks through both valves simultaneously.
These graphs are built for a double-acting first stage compressor cylinder with a diameter of 320 mm of a gas motor compressor, which is widely used in gas-lift operation of oil wells.
The graphs indicate that as the valve tightness increases, gas leakage from the cylinder of the 1st stage is significantly reduced.
With a valve tightness criterion of 35 s, the productivity loss due to gas leakage through the valve plates is 0.6 % at ε=2 and 1.2 % at ε=6. In this connection, the criterion for the tightness of pressure valves should be greater than suction valves.
An experimental study of the tightness of direct-flow valves revealed that gas leakage through the discharge valve plates, depending on the operating mode, is 1.5-2 times higher than through the suction valve. The maximum value of the valve tightness criterion is established at 35 s, at which gas leakages do not exceed 0.6 %. In addition, the practical work carried out in the field directly on the existing GCS allows to study certain properties of the valves of compressor cylinders. Therefore, some control tests carried out allows to determine the tightness of the valves.
Directly on the existing GCS, experimental studies have been conducted. On the compressors of two GCS, valves were installed without purging in the purge chamber, and on the compressors of two other GCS, valves are installed after purging. After installing these valves on the compressor cylinders of the first stage of the GMC, they are put into operation in the gas lift system and measured all the parameters of the valves in the same mode of compression of associated petroleum gas. Parameters are recorded approximately every 2 hours to determine tightness.
The operation of the valves shows that during operation their performance increased by about 1.5-2 times. Practical studies have shown that valves without purging worked for 200-250 hours, and valves with purging work for 400-450 hours. These numbers of the valve density criterion correspond to the average data obtained from the leak test results of more than 50 valves.
In the process of experimental studies, random damages to direct-flow valves also occurred, for example, destruction associated with the accidental ingress of solid particles with a gas stream, as well as due to worn piston rings, and destruction at the places of cutting the plate fillet. Engineering
Discussion of the results of experimental studies
A comprehensive practical study of the operation of piston compressor valves operating in gas lift systems and associated petroleum gas transport is aimed at increasing their tightness, efficiency, maintainability and safe operation [12, 13] .
Experimental studies were carried out according to the recommendations indicated in [14, 15] . The basic principles of the field test direction are in verification of the results of a practical study of the operation of valves of the compressor cylinders of the 1st stage, which affect the performance, specific power consumption and safe operation of reciprocating compressor units.
Field tests of the operation of the valves of the compressor cylinders of the 1st stage are an extremely complex process, which allows improving the work of checking, purging, cleaning the valves installed on the compressor cylinders of the 1st stage to increase the GMC efficiency. It follows that the full-scale tests of the operation of valves at the gas compressor station determine the overall GMC performance and the actual technological parameters of the general gas compressor station associated with the technological parameters of the gas-lift oil production system. The purpose of field tests is, as a rule, a practical study of the working process of the valve installed on the 1st stage compressor cylinder and ways to minimize gas leakage through the valve during GMC safe operation, increasing the efficiency of the 1st stage compressor cylinders and efficiency, reducing irrational leakage losses due to leakage of the valve plate. Moreover, before testing the operation of the valves, the completeness of the 1st stage compressor cylinders, the systems for measuring technological parameters and the cooling system of compressor cylinders were carefully checked. Checks were carried out in a sufficient number of values in the instrument reading area that corresponded to the test conditions of the compressor cylinder of the GMC first stage. All characteristics of devices and valve parts used in the testing process were recorded in the journal, especially for valve parts, pressure gauges and thermometers. At the same time as the selection of valves and devices, spare gasket materials, tools and copper tubes were also selected. Before testing the operation of the valves of the compressor cylinders of the first stage, the GMC operation was checked. If malfunctions were detected in the operation of the compressor cylinder or its individual components, after finding out the reasons, it was eliminated and a repeated check was carried out before the normal operation of the cylinders. The essence of the method of step-by-step verification was that the poor operation of the complex design of the compressor cylinder of the 1st stage, interconnected with other GMC components and systems, did not lead to the failure of other components and systems.
Maintenance work was carried out until the complete commissioning of the entire GMC as a whole. After that, the GMC readiness for the full-scale test during its operation in the gas lift system was agreed with the engineering and technical staff of the GCS machine room and then continued practical tests of the valves.
Conclusions
Thus, field tests of valve operation show that in valves, when there is a violation of the tightness of the plates, this process is very reflected in the technical and economic indicators of the gas condensate complex, the efficiency of the compressor cylinders decreases, and the emergency conditions increase.
To confirm the feasibility of checking the valve tightness, for each gas-lift compressor station, special equipment is proposed on which the valve tightness is checked. According to the developed method, the parameter determining the tightness and efficiency of the valve is considered the time of pressure drop in the tank from 0.4 to 0.2 MPa. The maximum value of the valve tightness criterion is established at 35 s, at which gas leakages do not exceed 0.6 %. Checking the tightness of the valve plates at the purge installation makes it possible to increase the efficiency and safety of valve operation by 1.5-2 times.
